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Abstract 
The rental affordability issue in the Bay Area of California causes long commute times 
and displacement. However, there has been little research on how the Bay Area has addressed 
this issue of rental affordability and its changes over time. This study uses a unique methodology 
to test affordability and find a mismatch between what rental prices are and what rental prices 
should be. This study found that this affordability issue disproportionately influences the low-
income group compared to the middle- and high-income group. While rent is increasing rapidly, 
median household income in the Bay Area is also increasing and may even surpass the increased 
speed of rent, which makes housing appear to be more affordable. However, this trend can be 
due to gentrification, where people flow into the Bay Area with high-paying job offers while 
people who have low income are forced out. Furthermore, commute time in the Bay Area is 
constantly increasing, which can be due to traffic congestions and a longer distance between job 
and housing. Because of increased rents, people may choose to live in a county with cheaper 
rents and commute to another county for work. After tracking the percentage of people in each 
area who live and work in different counties, we find out that there are significant variations 
among each area. From 2012 to 2019, some districts saw an increase in the percentage of 
residents working in another county, while other areas have seen this percentage decrease. The 
percentage of people moving out of the Bay Area to other parts of California has increased. For 
those who did leave the Bay Area, the logistic regression model shows that lower-income groups 
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Introduction 
In microeconomics, supply and demand is an economic model of price determination in 
a market. It postulates that a product’s price can be determined by its supply from the producer 
and its demand from consumer. On a macro level, supply and demand continue to play an 
important role. Many metropolitan areas are currently facing drastic rates of population growth 
as people move to the area for the plethora of job opportunities. However, the supply of rental 
properties is not always able to keep up with the growing population. These drives rent prices up, 
and if an individual’s personal income does not increase in response, housing quickly becomes 
unaffordable. According to the Pew Charitable Trusts, between 2001 and 2015, the median rent 
in United States rose from $512 a month to $678, a 32% increase. (Currier et al, 2018) Year-
over-year growth regarding gross rent far exceeds changes in pretax income during the same 
period. Since 2001, gross rent has, on average, increased by 3% per year, while income has 
actually declined by an average of 0.1% annually. This widening gap between rent and income 
means that after paying rent, many Americans have less money available for other needs than 
they did 20 years ago.  
However, the trends in different metropolitan areas may differ from the national trend. 
Some areas, like the San Francisco Bay Area, are facing a rapid increase in high-paying jobs, 
which rises average household income, while at the same time this area suffers from a severe 
housing shortage. This results in utterly impossible rent prices. A similar situation can be seen in 
China’s Bay Area. Hong Kong and Shenzhen are two cities experiencing rapid GDP growth and 
job growth, while their residents are met with a worsening housing affordability situation. In 
severe cases, people have to live room that are less than 5 square meters. Studying the case of 
San Francisco Bay Area can help us understand basic elements of housing affordability crises 
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that can be used to research other locations. We can analyze this predicament with basic 
economic logic on to examine both the supply side and demand side of the rental housing market 
to try and find a mismatch between the two factors. Many scholars have discussed the rental 
housing quantity mismatch, such as housing supply increase cannot match with the increase in 
jobs, but this study will focus on the potential mismatch between rental price and household 
income, in order to investigate the rental affordability situation across different income groups in 
the Bay Area.  
 
Background 
1.the special case of San Francisco Bay Area    
      Among all metropolitan areas in the United States, the Bay Area is well known for its 
economic growth and scarcity of housing. The housing affordability problem in the Bay Area is 
truly severe. Within the San Francisco Bay Area, San Jose has the highest housing price-to 
income ratios (with a ratio of 10), while San Francisco ranks at fourth with a ratio of 8.9 (Joint 
Center for Housing Studies of Harvard University 2018). The National Low-Income Housing 
Coalition notes that workers in California would have to earn $32.68 an hour to afford the 
median rent on a two-bedroom apartment. In San Francisco, they would need to earn $60 per 
hour (Joint Center for Housing Studies of Harvard University 2018). Residential rent in the San 
Francisco Bay Area is among the highest in the United States and this cannot be explained by 
higher quality, higher operating costs, or higher construction costs. At least one-third of the total 
rent paid is land rent (Barton 2011). 
 
 1.1 Theory on demand side 
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         Job opportunities come along with housing demand. San Francisco Bay Area is well known 
for its high-tech company clusters and its fast-growing job opportunities. A cluster is defined as a 
geographical concentration of different actors such as interconnected companies and specialized 
suppliers that compete and cooperate in the same industry. The argument that clustering benefits 
a region's economy can be traced back to Marshall's external economies. It states that as an 
industry grows larger or becomes clustered in one location, then the average costs of doing 
business within that industry over the long run become lower (Marshall, 1920). Later, Arrow 
analyzed the nature of invention and technological advance, and Romer further developed 
specialization (Arrow, 1971; Romer, 1986). With external economies, costs in industry clusters 
may fall because of increased specialization, better training of workers, faster innovation, or 
shared supplier relationships. Researches labeled industry clusters like bio-tech company clusters 
in Bay Area as spontaneous clusters. Its close connection with research institute like Stanford, 
UC Berkeley, UCSF facilitate the formation of clusters. The formula of the effective growth 
process of biotech industry in the Bay Area can be described as: the government funding goes 
through universities and research institutions to keep the local “innovative engines” running, 
while and venture capital helps putting the insights of scientific research to practical uses. The 
shared prosperity5 is supported by the entrepreneurial spirit and social capital that has 
established networks among universities, spin-offs and venture capital firms. (Su and Huang, 
2009) 
With large industry clusters, job opportunities in the Bay Area continue to drastically 
increase. This rapid employment growth, specifically in the health care and tech industries, has 
added over three million new jobs per year in the Bay Area since 1990 (Metropolitan 
Transportation Commission 2018). High-tech employment alone accounts for 5% growth in 
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employment each year. However, with more people coming into the metropolitan area for jobs, 
the housing demand increases. The relationship between job market and housing market have 
been discussed frequently and researchers have found that one affects the other. A study of the 
Ireland housing market found that 1–2 years after 1,000 new jobs were created, monthly rents of 
properties were between 0.5% and 1% higher (Agnew and Lyons, 2018). On average, net job 
creation in export-oriented FDI firms from 2009–2013 added roughly €48 million to the stock of 
wealth of owner-occupied real estate and €8 million to the stock of wealth of the rental sector 
(Agnew and Lyons, 2018).  
The relationship between housing affordability and the labor market is also widely 
discussed. Some researchers point out the reciprocal relationship that exists between housing and 
labor markets (Allen and Hamnett, 1991; Buck et al, 2004). Labor-market pressures entailing 
high wages and earnings for certain workers worsen income distributions, and thus impact 
housing costs for those at the lower end of the market. A research conducted in Surrey, England 
analyzed this situation and concluded that changes towards a more professional and managerial 
workforce have impacted the demand for and price of housing. At the same time, planning and 
physical constraints in the area have contributed to housing shortages and thus exacerbated rising 
housing costs (Morrison and Monk, 2006). 
 
1.2 theories on the supply side 
In addition to the demand issues of housing, economic research has also focused on rising 
housing prices and changes in housing supply. Glaeser et al. examined the cause of rising 
housing prices in the US during the second half of the 20th century. These researchers found 
that, between 1950 and 1970, increases in housing prices reflected rising housing quality and 
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construction costs. But since 1970, price increases have continued to rise due to the increasing 
difficulty of obtaining regulatory approval for building new homes (Glaeser et al, 2005).  
The reality of the situation matches with what scholars have found in their research. 
During the period from 2008 Q3 to 2018 Q2 Housing Balance Period, only 24% of net new 
housing produced in San Francisco was affordable (San Francisco Planning Department Housing 
Balance Report 2018). Restricted land regulation is one of the reasons that housing supply 
cannot match the population increase. Throughout most of San Francisco, no building can 
exceed a height of 40 feet. These roadblocks distort the housing market by intervening between 
housing producers and consumers. “Closed Access” cities are cities that implement land use 
regulations and block new housing development. A study found that when housing demand 
increases in these Closed Access cities, prices rise sharply. From 2012 to 2018, for example, rent 
grew 29.5 percent in the Closed Access San Francisco metro area while housing supply grew just 
2.8 percent. In contrast, Austin, Texas, an “Open Access” city, had only a 13.8 percent increase 
in rent and the housing stock grew 15.9 percent (Erdmann et al. 2019).  
Furthermore, housing laws are often influenced by private homeowners who benefit if the 
housing supply is kept stagnant (Glaeser and Gyourko 2018). In the home voter hypothesis, 
homeowners work in tandem to restrict new development (Fischel 2001). Landowners’ 
incentives may be driven by social factors, too, as they may not like the idea of settlement by 
new groups of people who may, culturally or aesthetically, change the makeup of the 
neighborhood, particularly people from differing socioeconomic groups. These studies suggest 
that homeowner opposition to development in local areas plays a significant role in constraining 
housing supply. Such residents who advocate for development in locations besides those in close 
proximity are referred to as NIMBYs, which stands for “not in my backyard.” 
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 The location of the Bay Area also naturally has a scarcity of land. Coastal 
cities’ expansion is topographically limited. It is also more costly to build houses on a hill than 
on flat ground. The consequence of all these compounding factors is that the developed land in 
San Francisco has become scarcer and the problem is so acute that the duration of the supply of 
vacant developed lots lasts a mere of nine months whereas a 24-36-month supply is considered a 
balanced market (Joint Center for Housing Studies of Harvard University 2018, 9). The cost of 
land itself has also increased in real terms due to the restrictive land use regulations (Glaeser and 
Gyourko 2018). Regulation and geography limit building and increase prices (Saiz 2010). 
 
2.measuring affordability 
Housing affordability is a concept that many researchers care about. Previous studies 
have provided multiple ways of measuring housing affordability. The percentage of household 
income measurement is a common gauge of housing affordability. Ad hoc limits on the share of 
income spent on rent are sometimes used by landlords to make sure prospective tenants pay their 
rent; lenders use similar limits on mortgage payments and other housing costs to qualify 
homebuyers for mortgages. Many analyses call the share of households paying over 30% of 
income for housing as an excess cost burden. Households paying over 50% of income for 
housing are defined as paying severe cost burdens.  
However, some researchers challenge the conventional percentage of income 
affordability standard because many of the lowest income households cannot afford to pay even 
25% or 30% of their meager income for housing. These individuals advocate the shelter poverty 
standard, a sliding scale on which the maximum proportion of income available for housing 
varies with income and household size and type (Stone, 1994). 
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Lerman and Reeder (1987) employ a quality-based measure of housing affordability 
which attempts to distinguish households capable of maintaining an adequate standard of living 
from those that are incapable of doing so. They compute the number of households for whom 
30% of income would not cover housing costs. They find that the conventional percentage of 
income measure overestimates the affordability problem by 20% in 1975 and 24% in 1983. This 
approach attempts to account for changes in quality by using the lowest cost unit price that meets 
minimal adequacy standards. It also accounts for some geographic differences in cost. 
Mayers and Parker (2019) propose an additional indicator for evaluating housing 
affordability that meets measurement needs not addressed by others. The constant quantile 
mismatch indicator compares changes in the rent and income distributions since a baseline year 
to display growing affordability problems in both high- and low-price brackets. In short, the 
proposed mismatch indicator separately tracks trends in renters’ incomes and rent itself, calling 
attention to which quantiles of the rent distribution have more significant changes than the 
corresponding changes in income quantiles, using a constant, inflation-adjusted set of quantiles 
established for the base year, which is the year 2000 for this analysis. Those shifts are grounded 
in each metropolitan area’s distribution of rents and incomes, corresponding to residents’ market 
experiences and distinguishing affordability problems caused by falling incomes from those 
caused by rising rents. The results from the proposed method are easily graphed and intuitively 
understandable to local residents, so the new indicator results may help to support a better public 
understanding of the magnitude of the affordability problem in different locations.   
Another approach is the housing mismatch approach. It considers both housing supply 
and housing demand by comparing the existing housing cost distribution with household income 
distribution (Nelson, 1994, Bogdon and Can, 1994). Based on household size and income, 
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households are classified into several relative income categories. Rental units are similarly 
classified into affordability categories by assuming that households of a specific size would 
occupy the unit, paying no more than 30% of their income for rent. The mismatch measure is the 
ratio of housing units potentially affordable to households of a certain income to the number of 
households in that income ranges. Ratios of less than 1.0 indicate fewer housing units affordable 
to households in a given income group than there are households in that income group.  
 
3.impact of unaffordability  
   Being unable to afford housing indicates that individuals are unable to find a suitable 
place to live. Research focused on the Minnesota Metropolitan area reveals that there are a 
systematic shortage of affordable housing in the vicinity of major suburban employment centers. 
While also measuring the willingness of workers to access housing nearby if it were available 
within their price ranges (Levine, 1998). 
Living farther from one’s workplace leads to a longer commute time. Research in Britain 
finds that the average worker in Britain spends 139 hours per year commuting – the equivalent of 
19 standard working days. While the average distance and time taken for journeys to work have 
been steadily increasing, the average number of journeys decreases at a similar rate. It examines 
statistical evidence on commuting travel behavior trends and finds that one in 25 commuters now 
travel to work over 100 kilometers, and one in ten commuters now spend over two hours per day 
traveling to and from work (Lyons and Chatterjee, 2008). 
    According to the Apartment List, the share of workers enduring one-way commutes of 90-
minutes or more in Alameda County grew by 126 percent from 2009 to 2017, while the share in 
San Francisco County grew by 110%, in San Mateo County grew by 52%, and in Santa Clara 
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County grew by 85%. A new term has been coined for these commuters who require over 90 
minutes to get to work: "super-commuter". According to travel analytics firm INRIX, which 
publishes an annual Global Tract Scorecard, San Francisco is now in the top five cities to have 
the worst traffic and estimates that congestion costs the city 10.6B in lost productivity each year. 
          Unaffordable housing can also lead to gentrification. Several studies show that 
gentrification is happening in the Bay Area (Maharawal, 2017; Whittle et al, 2015). One study 
compared different gentrification methodologies and revealed that the Landis and Freeman 
methodologies characterized the vast majority of census tracts as stable and only 5.2% and  6.1% 
of tracts as gentrifying, while UDP strategy characterized 46.7% of tracts at risk, undergoing, or 
experiencing advanced stages of gentrification (Mujahid et al. 2019). 
Unaffordable housing can also lead to displacement. Although there are policies for rent 
control in the Bay Area, it may not help residents in the long term. One research found that rent 
control limits renters’ mobility by 20 percent and lowers displacement from San Francisco, while 
landlords of properties that are rent controlled reduce rental housing supplies by 15 percent by 
selling to owner-occupants and redeveloping buildings. Thus, while rent control prevents 
displacement of incumbent renters in the short run, the lost rental housing supply likely drove up 
market rents in the long run, ultimately undermining the goals of the law (Diamond et al. 2019).  
One research found that in the Bay Area, low-income residents are over-represented 
among those moving between the Bay Area and the more affordable parts of California, such as 
the Sacramento region and the Central Valley. In contrast, those moving between the Bay Area 
to farther destinations—primarily large metropolitan areas in other parts of the country—tend to 
have higher incomes, especially if the move is to or from the Northeast. Furthermore, high-
income individuals have access to an extensive selection of large cities—as well as the economic 
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opportunity encapsulated in these cities—but low-income residents are confined to their state’s 
economic margins. The income pattern suggests that, without concerted action, the region risks 
backsliding on inclusion and diversity and displacing its economically vulnerable residents to 
areas with more limited job opportunities (Romem and Kneebone, 2018). 
 
Data and Methodology 
1.      Datasets 
     The data used for this study comes from the American Community Survey. I utilized the 2012 
to 2019 datasets to analyze four major counties in the Bay Area in the PUMA level, including 
Alameda County, Santa Clara County, San Francisco County, and San Mateo County.  This 
region is geographically diverse and contains urban, suburban, and rural areas. This region is 
also one of the most racially and ethnically diverse regions in the country. Over the past several 
decades, there has been great demographic and economic shifts in the Bay Area. In particular, 
there has been significant population growth, largely fueled by an influx of people of color 
moving to this region. This area has also undergone significant economic growth over the past 
several decades, accompanied by a sharp increase in income inequality. 
      There are nine counties in the Bay Area, including counties in the North Bay Area (Marin, 
Napa, Solano, and Sonoma). The reason that I choose Alameda County, Santa Clara County, San 
Francisco County, and San Mateo County is that while the North Bay is well known for its 
agriculture and wine industry, these four counties include the three principal cities of the Bay 
Area (San Francisco, Oakland, and San Jose), and most of the high-tech company and high-
paying job opportunities lies in these four counties. 
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2. Method 
2.1  affordability measurement 
       I created a special measurement that showed both quantile mismatch and spatial 
mismatch. First, in each PUMA, I listed household income from lowest to highest, and divided 
household income into four quantiles. Households that have an income in the first quantile will 
be classified as low-income households in their PUMA districts. Households that have an income 
in the second quantile, third quantile, and fourth quantile will be classified as lower-middle-
income households, upper-middle-income households, and high-income households, 
respectively. There are three numbers that separate the four quantiles: Q1, which separates the 
first and second quantile, Q2, the median, separates the second and the third quantile, and Q3, 
which separates the third and the fourth quantile. I then list household monthly rent from lowest 
to highest and divide this variable into four quantiles. There are also three numbers that separate 
the four quantiles: Q1, separating the first and second quantile, Q2, the median, which separates 
the second and the third quantile, and Q3, which separates the third and the fourth quantile.  
Based on the assumption that people want housing rent to be as low as possible, then the 
optimal situation for every household in each PUMA district is that households with the lowest 
income live in rental properties with the lowest rent, households with a median income live in 
houses with a median rent, and households with high income live in houses that have high rent. 
This situation would be better than households with high income household residing in places 
with low rent and households with low income forced to live in places with high rent that they 
can hardly afford.  
The next step is that I divided Q1 rent by Q1 household income, Q2 (median) rent by Q2 
(median) household income, and Q3 rent by Q3 household income. For example, the median rent 
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is 20,000 dollars per year, and the median household income is 80,000 dollars per year, then our 
“calculated affordability” for middle-income households is 2/8=25%. By assuming that paying 
more than 30% of income for rent will be unaffordable, I will check in each quantile whether 
rent is affordable for people whose income lies in that specific quantile.  
The previous measurement only measures “calculated affordability,” which means if the 
poorest get to live into the house with the cheapest rent, the average get to live into house with 
average rent, and the richest get to live into the most expensive house, what would the housing 
affordability be in this area. Therefore, the “calculated affordability” only shows the most 
optimal situation in the Bay Area. Thus, as a researcher, I still need to uncover the real situation 
in the Bay Area. By creating a variable in the dataset that equals each sample’s household rent 
dividing by each sample’s household income, we can find how much percent of income our 
samples are actually paying. This is the measure of “real affordability.” Then, by dividing the 
real affordability into four quantiles from lowest to highest, the top 50% line (Q2) would mean 
that half of our samples need to pay more than this percentage of their income for housing. 
If we compare the “calculated affordability” with the “real affordability” by each 
percentage line, it reveals potential housing mismatch. If in a PUMA area that the median 
calculated affordability is 30% yet the 50% line for real affordability is 40%, it can mean that 
many people did not find housing with rents that are most suitable for them. Instead, they lived 
in properties far out of their affordability. 
 
 
2.2 commute time measurement 
      There is a variable specific for commute time in the ACS data. We will simply use it to tract 
the change of commute time in the four counties from 2012 to 2019.  
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2.3 work-live difference measurement 
      We will check the percentage of workers that work and live in different PUMA 
areas. Because the ACS survey won’t claim which exact PUMA people are working at, instead it 
uses “100s”,”8500s” to represent all PUMAs like 104,105 or 8501, 8502, it is impossible to 
check whether a person work or live in the same PUMA if this person live in PUMA8501 and 
the place of work variable states 8500s. Therefore, we only say people work and live in different 
PUMA if their living PUMA code and place of work PUMA code have more than 100 
difference, which means if they work and live in different Counties. For example, if the person 
lives in PUMA 104, and work in PUMA 7500s. It is clear that this person lives and work in 
different PUMA. He or she probably live in Oakland and work in San Francisco.  We calculated 
the percentage of people in each PUMA level district that have this commute pattern, and tract 
the change of the percentage in each area through time.  
 
2.4 displacement prediction 
      We will check what type of residents will move out of the Bay Areas to other parts of 
California and what type of people would move into these places. We will use logistic regression 
to model the shift. The changing housing affordability situation in Bay Area, together with other 
factors, drives people to move in or move out of this place. It would be great if we can figure out 
who would move out of the Bay Area, and whether they are forced to move out because of the 
housing issue. The ACS data doesn’t have a clear indicator of the reason for people to move, but 
we can get clues from other variables.   
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      Firstly, there is a variable about migration in a year ago in the ACS data, which means the 
PUMA that the respondent lives a year ago. If the number is 0, then it means the sample lives in 
the same place this year, or the sample is less than 1 year old. If the number is like 8500, then it 
means the sample lives in Santa Clara County last year and moved to the current place. Since the 
variable only separate places in County level, there is no way to know which exact city our 
sample moves from. Therefore, we will analyze it in a general picture, like only identify why 
people move out of the whole Bay Area.   
      We then get the whole sample in California in 2019, eliminating people who still live in Bay 
Area this year, left with people who live in other parts of California. Then keep samples that 
have moved from Bay Area last year to the area they are living right now, and eliminating the 
rest samples. Here we also only talk about people who rent houses since it is easier for them to 
migrate to different places compare to people who have already own a house. This left us with 
382 samples which have moved from Bay Area to another part of California in year 2019 and 
rent house for living.  
     Then we select sample who live in the Bay Area in 2019, renting a house, and also lived at the 
same place last year, which means the migration variable listed in the data is 0. This left us with 
7911 samples. At last, we combine the two datasets together, add a variable named “move”. 
People who have moved out of Bay Area this year will have a value “1” in this variable, while 
people who stayed will have a value “0”.   
     Next step will be doing a logistic regression on this dataset and create a model.  
 
Results and Discussion 
1. Rental Affordability 
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1.1 Affordability in 2019  
     Rental housing affordability in Bay Area, California has long been criticized as in terrible 
condition. Yet recent studies are limited. Therefore, it is important to figure out what is the 
condition now and how does the condition change these years.   
      In 2019, the calculated median housing affordability of the Bay Area ranges from 37.5% to 
15.6%, with 8 PUMA level districts exceeding the affordability line (higher than 30%). Four of 
these areas are in Santa Clara County, three of them in Alameda county, and one of them in San 
Francisco County. In addition, the real median housing affordability of the samples ranges from 
32.8% to 16.6%, with 6 PUMA level districts exceeding the affordability line. Four of these 
areas are in Santa Clara County, and two of them are in Alameda County. All the 6 PUMAs also 
exceed the affordability line for the calculated median, yet their real medians are all lower than 
the calculated median, which may indicate middle-income households are able to find good 
places with lower rents to live. 
 
1）Median Calculated affordability in 2019 
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      The difference between real median and calculated median are not big. It ranges from 2.3% 
to -5.9%. Only 6 PUMA level district’s real median affordability are higher than the calculated 
median. Four of them are in San Francisco County, one of them are in San Mateo County, and 
one is in Santa Clara County. When the real median is higher than the calculated median, it is 
possible that there is a mismatch in these areas that people can not find the places that are most 
affordable for them. However, in the 6 areas the differences are not very high. It is 2.3% in 7503, 
1.9% in 7501, 0.9% in 7504, 0.4% in 8106, and 0.3% in 8503 and 7506. These can possibly due 
to random variation. In addition, in the 30 PUMA level district that real affordability percentage 
is less than calculated percentage, 7 of the area have higher than 3% difference with the highest 
on 5.9%. This may indicate that in Bay Area, middle-income households are able to find places 
with relatively low rent by social connections or good searching skills.    
 
2) The difference between real affordability and calculated affordability for middle-income group in 2019 
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      If we shift our sight to low-income households, situation changes. The calculated first 
quantile(Q1) housing affordability of the Bay Area ranges from 50.5% to 21%, with 27 PUMA 
level districts exceeding the affordability line, significantly higher than the calculated median 
housing affordability. It indicates that most places in Bay Area are not affordable for low-income 
people. Only 9 PUMA level districts are affordable. 5 of them are in San Francisco County, two 
of them are in Santa Clara County, one of them is in San Mateo County, and the rest one is in 
Alameda County. The San Francisco County perform the best in this competition, with 5 out of 7 
of its PUMA level districts affordable for low-income households. However, if we check the real 
affordability percentage, things are actually worse. The real first quantile housing affordability of 
the samples ranges from 60.2% to 26.5%, while only 3 PUMA level district’s affordability are 
less than 30%, with all three areas in San Francisco County.   
      The difference between real first quantile affordability and calculated first quantile 
affordability are significant, which ranges from 13.3% to -2.6%. 34 PUMA level districts have 
higher real affordability than calculated affordability, with 8 areas that have more than 8% 
difference. Three of the districts are in Santa Clara County, two are in Alameda County, 2 are in 
San Francisco County, and the rest one is in San Mateo County. The fact that most areas have 
higher real affordability may indicate that low-income household in Bay Area are suffering 
severe housing mismatch, which means they cannot find places that are most affordable for 
them. Compare to middle-income households, low-income households may lack useful 
connections that can help them to find low rent housing. 
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3) Calculated affordability by using first quantile rent divided by first quantile income in 2019 
 
  4) The difference between real affordability and calculated affordability for low-income group in 2019 
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    If we shift our sight to high-income households, we have a completely different picture. The  
calculated third quantile housing affordability of the Bay Area ranges from 27.8% to 13.5%, with 
all areas below the affordability line, significantly differ from the low-income households’ 
situation. It indicates that all the places in Bay Area are likely to be affordable for high-income 
people. The real third quantile affordability percentage ranges from 21.5% to 10.4% and it is 
even better than the calculated ones. The difference between real affordability to calculated 
affordability rangess from -0.4% to -8.0%. All areas’ real affordability percentage is lower than 
the calculated percentage, which indicates that high-income households in Bay Area can find 
places they can easily afford. Their strategy could be utilizing social connections, always stay at 
the same place so the rent increases with a lower speed, and having special searching skills, etc. 
It is clear that in 2019, high-income households have more affordable places than middle-income 
households in Bay Area, while middle-income households have more affordable places than low-
income households in Bay Area. 
 
1.2 The Trend of affordability from 2012 to 2019 
      Is the situation always the same since 2012 to 2019? Or has it changed? Did it get worse or 
better through time?   
      From 2012 to 2019, the median monthly rent in the Bay Area have grown from $1560 per month to 
$2369 per month. It has increased 52% in the 8 years, way above national trend, which is 20%, according 
to Zillow Research.  
     Then, by analyzing data from year 2012 to 2019, using the same strategy above, we find out 
that in 2012, most areas’ calculated housing affordability was actually worse than what we found 
in 2019. In most areas, there are clear downward trends of the calculated housing affordability 
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percentage from 2012 to 2019. The same trend exists on the real affordability percentage from 
2012 to 2019.  
   
5) average low-income household affordability line in bay area 
 
     In 2012, The calculated first quantile affordability ranges from 67% to 23%, higher than in 
2019. 34 PUMA level districts are above the affordability line, compare to 27 in 2019. The 
calculated median affordability ranges from 46.8% to 20.1%, higher than in 2019. 18 PUMA 
level districts are above the affordability line (30%), compare to 8 in 2019. The calculated third 
quantile affordability ranges from 36.2% to 16.7%, higher than in 2019. 5 PUMA level districts 
are above the affordability line, compare to 0 in 2019.   
 
 
1.3 Regional Inequalities 
      If we put sight on the whole Bay Area, there is definitely large regional disparities. If we 
look at each County, there is still clear regional inequalities.   
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San Francisco County  
     It is clear that San Francisco Area have regional inequality. The housing affordability 
situation varies a lot among neighboring areas. From 2012 to 2019, Bayview & Hunters Point in 
the SF county (puma 7507) always have the highest percentage among all SF puma areas. It’s 
median housing affordability is 46.8% in 2012 and 30% in 2019. On contrary, Inner Mission & 
Castro in SF county always have the lowest percentage among all SF puma areas. It’s median 
housing affordability is 20.6% in 2012 and 15.6% in 2019. The affordability difference between 
the two areas is 26.2% in 2012 and 14.4% in 2019. If we check the Q1 and Q3 affordability, the 
differences are also around 20%.   
      In addition, although the supposed housing affordability for Q1 household income and Q1 
rent in SF area ranges from 37.4% to 21% in 2019, if we calculate the household sample’s 
affordability and get the top 25% highest percentage, we will find the affordability actually 
ranges from 46.6% to 26.5%, significantly higher than the supposed affordability. North Beach 
& Chinatown (PUMA 7502) have differences as large as 8.4% in 2019, while (Sunset District 
(South) )7506 only have 2.1% difference. The mismatch situation is different in each PUMA.   
 
Alameda County 
      It is clear that Alameda County also have regional inequality. The housing affordability 
situation varies a lot among neighboring areas. From 2012 to 2019, the median housing 
affordability of Oakland (East) & Piedmont Cities in the Alameda county (puma 103) is 23.9% 
in 2012 and 20.5% in 2019. On contrary, South Central part of Oakland City (PUMA 104) 
always have the highest percentage among all Alameda puma areas. It’s median housing 
affordability is 45.5% in 2012 and 32.5% in 2019. The affordability difference between the two 
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areas is 21.4% in 2012 and 12% in 2019. If we check the Q1, the differences are around 33% in 
2012 and 20% in 2019. If we check Q3, the differences are around 16% in 2012 and 9% in 2019.  
      In addition, although the supposed housing affordability for Q1 household income and Q1 
rent in Oakland area ranges from 48.9% to 24.3% in 2019, if we calculate the household 
sample’s affordability and get the top 25% highest percentage, we will find the affordability 
actually ranges from 58.2% to 30%, significantly higher than the supposed affordability. 
Hayward City (PUMA 107) have differences as large as 10.8% in 2019, while (Fremont City 
(East))109 only have 0.4% difference. The mismatch situation is different in each PUMA.   
 
Santa Clara County  
      It is clear that Santa Clara Area also have regional inequality. The housing affordability 
situation varies a lot among neighboring areas. From 2012 to 2019, the median housing 
affordability of San Jose (West Central) & Campbell Cities (PUMA 8508) is 27.9% in 2012 and 
28.8% in 2019. On contrary, the median housing affordability of East Central and Southeast part 
of San Jose City (PUMA 8513 & 8514) are around 44% in 2012 and 36% in 2019. The 
affordability difference between the two areas is 13% in 2012 and 7% in 2019. If we check the 
Q1, the differences are around 11% in 2012 and 7% in 2019. If we check Q3, the differences are 
around 9% in 2012 and 5% in 2019.  
     In addition, although the supposed housing affordability for Q1 household income and Q1 
rent in San Jose area ranges from 50.5% to 27.1% in 2019, if we calculate the household 
sample’s affordability and get the top 25% highest percentage, we will find the affordability 
actually ranges from 60.2% to 31.3%, significantly higher than the supposed affordability. San 
Jose City (Southeast/Evergreen) (PUMA 8513) have differences as large as 13.3% in 2019, 
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while San Jose (Northwest) & Santa Clara Cities (8503) only have 0.2% difference. The 
mismatch situation are different in each PUMA.   
 
San Mateo County 
      Regional inequality in San Mateo County is not as large as previous three counties, but it 
definitely exists. The housing affordability situation varies a lot among neighboring areas. In 
2012, Southwest San Mateo County’s median calculated affordability is 34.5%, while San Mateo 
(South) & Half Moon Bay Cities (PUMA8104)’s median calculated affordability is 26.8%. The 
difference in first quantile calculated affordability is even bigger: 52.0% in Southwest San Mateo 
County and 36.9% in the other area.  In 2019, the difference in median calculated affordability 
shrinks from 7.7% to 4.3% and the difference in first quantile calculated affordability shrinks 
from 15.1% to 6.7%.  
      In addition, although the supposed housing affordability for Q1 household income and Q1 
rent in San Jose area ranges from 37.5% to 27.0% in 2019, if we calculate the household 
sample’s affordability and get the top 25% highest percentage, we will find the affordability 
actually ranges from 45.9% to 33.6%, significantly higher than the supposed affordability. East 
Central San Mateo County (PUMA 8105) have differences as large as 8.4% in 2019, while 
Southwest San Mateo County (8106) only have 0.9% difference. The mismatch situation are 
different in each PUMA.   
 
2. Commute time 
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      The average travel time in the Bay Area from 2012 to 2019 has increased. The average travel 
time increased each year from 27.3 minutes in 2012 to 32.2 minutes in 2019, and the median 
travel time increased 10 minutes.  









6) Median commute time 
 









7）average commute time 
 
     The increase is significant, and larger than the national trend. From 2012 to 2018, the average 
commute time in U.S. rises from 25.2 minutes to 27.1 minutes, which is a 7.5% increase, while 
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the bay area has increased from 27.3 to 31.4 minutes, which is a 15% increase. In addition, the 
average travel time in Bay area in 2012 is even larger than the average national travel time in 
2019.  
   If we check the average travel time in each PUMA level district, all districts’ travel time has 
increased from 2012 to 2019. Areas like Northwest San Jose City has even increased 10 minutes! 
Some areas did not change much. South of Market & Potrero in San Francisco County has only 
increased 2 minutes.  The result matches with studies that states an increasing of housing rents 
may leads to people moving to further places from work so they can afford the rent (Romen and 
Kneebone, 2018). However, the increase of commute time can also due to congestions since the 
population is growing rapidly in Bay area. Therefore, we need another measurement to check 
whether more people had to live far away from their workplace, which is the percentage of 
people work and live in different county.  
 
3. Work and live in different County 
       In 2012, 52% residents in Southwest Alameda County (PUMA108) work in a different 
County, which is an astonishing number. Most of them work in San Francisco County and 
commute back to Alameda County. In addition, 51% people in South Central Alameda 
County(PUMA109), 39.4% people in Southeast San Mateo County (PUMA8106), 38.3% people 
in Northeast Alameda County (103), and 35.2% people in Northwest Alameda County 
(102)work in another County. In 2019, still slightly above 50% people in Southwest Alameda 
County (PUMA108) and South Central Alameda County(PUMA109) work in another county, 
but percentage in Northeast Alameda County (103) and Northcentral Alameda County(104) have 
increased to above 40%.   
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      The trend from 2012 to 2019 is different in each PUMA level districts. Northwest Alameda 
County (102) have increased 8 percent point, while areas like central San Francisco 
County(7503) have decreased 3.3 percent point. 8 PUMAs have increased more than 3 percent 
point, while 5 PUMAs have decreased more than 1 percent point, and the rest 16 PUMAs have 
variations that are possibly due by chance. In general, 22 PUMA have increased, 14 PUMA have 
decreased.  
      However, since the number in most districts are small and varies a lot during the 8 years, we 
have no clear evidence that there is a trend that more and more people choose work and live in 
different counties in Bay Area. In addition, the fact that some areas have higher percentage may 
because it is easier for them to get into another county. For example, one possible reason that a 
large percent of Alameda County’s residents work in San Francisco County is that rent in that 
place is not as high as San Francisco County, and there are bridges and buses that connects 
Oakland to San Francisco. If we check Oakland’s commute time, although they have high 
percentage of residents working in San Francisco County, the median commute time is not really 
high in Oakland.  
      Based on this measurement, another reason that we did not find a significant changing of the 
percentage can be that county is a large area. A person could work and live in the same county 
but still travel a long time to work. In addition, even though people cannot afford their housing 
anymore, when considering a new place to live, they may prefer places in the same county 
instead of another county. According to The Institute of Governmental Studies (Marcus and Zuk, 
2017), many respondents state that they love their neighborhoods and sometimes are willing to 
tolerate poor housing conditions and unresponsive management just to live closer to previous 
place. Instead of a house with $600 rent per month in another county, people may prefer $700 
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rent per month in the same county. A person could have lived ten minutes from work last year, 
but this year cannot afford the place anymore and move to a place in the same county that needs 
to travel 40 minutes to work. It is hard for our ACS dataset to tract this movement. 
     Therefore, even though we did not find clear trend that more people are suffering long 
distance from work due to housing unaffordability through 2012 to 2019, it is too early to claim 
that there isn’t a trend that more people cannot afford their previous living place and have to find 
a further place from work to live, suffering poor housing condition and long commute time. 
More studies on this trend are needed.  
 
4. Displacement  
4.1 displacement to other parts of California 
     In order to find the trends of people being displaced out of Bay area, we select dataset that 
includes all other Counties in California except for the four counties in Bay Area we analyzed 
above (Alameda County, Santa Clara County, San Francisco County, and San Mateo County) 
and check the percentage of people comes from the four counties in Bay Area a year ago to 
current county. In 2012, the percentage is 0.54%, while in 2019, the percentage is 0.62%. 
Although it only increases 0.08 percentage point, the percentage in 2019 is actually 115% of the 
number in 2012. Therefore, it is reasonable to say that larger percent of people in Bay Area leave 














8) percentage of people who moved into other parts of California from bay area 
 
4.2 logistic regression 
     We used logistic regression to check how people’s personal background, such as race and 
household income, and the situation of the county, such as median rent and median household 
income, will affect people’s decision on whether to move out or stay.   
Variable Coefficiencts Significance 
Intercept 7.870E-01  
Household Income -4.565E-06 *** 
Commute Time 5.448E-03 ** 
Median County Rent 6.775E-04 *** 
Median County household Income -2.130E-04 *** 
Median County House Value 8.823E-06 *** 
     9) Logistic regression result  
 
     The result shows that people with higher household income are less likely to move out of Bay 
Area, which makes sense because high-paying job opportunities are concentrated in Bay Area, 
and people would prefer to live closer to their workplace. Higher household income can also help 
them afford the high cost of housing in the Bay Area. Many people who move out might be 
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forced to move out of Bay Area because their household income cannot afford the high housing 
cost. According to The Institute of Governmental Studies (Marcus and Zuk, 2017), low-income 
households are less likely to secure affordable rents, and the results match with the affordability 
situation in Bay Area we analyzed above. It is reasonable to hypothesize that low-income people 
are less likely to afford to live in Bay Area and choose to move out.  
     The result also shows that people with higher travel time are more likely to be migrated last 
year. It may not be that people who travel more time to work are more likely to choose to leave 
Bay Area, but it can be that people moved out of Bay Area due to housing cost or other reasons 
but still work in Bay Area, and many of them have to suffer longer commute time. According to 
The Institute of Governmental Studies (Marcus and Zuk, 2017), one-third of displaced workers 
who moved outside of San Mateo County saw their commute time increase significantly by an 
average of 47 minutes.  
      Another indication is that the higher the county's median rent, the higher chance that people 
will move out of this area. The same trend happened with median household value. It makes 
sense because people tend to find cheaper places to live to reduce the living cost. Low-income 
people are vulnerable to displacement when the rent is too high. 
 
 Conclusion 
          This analysis shows that housing unaffordability is still a problem in the Bay Area, where 
the low-income group receives a majority of the negative consequences. They have to pay a 
larger percentage of their income for housing, spend a longer time traveling to work, and are 
vulnerable to displacement. However, results also show that the housing affordability situation in 
the Bay Area is getting better from 2012 to 2019. The rising speed of rents is lower than 
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household income, and even low-income households can pay on average 7.2 percent less of their 
household income in 2019 than in 2012. This may indicate that policies dealing with the Bay 
Area’s housing crisis have succeeded. But this could also be the result of gentrification, where 
people who have low-income leave their original place because of high rent, and people with 
higher income move in and occupy their place.  
Nevertheless, although the rising rent speed is not as fast as household income, there is 
still no guarantee that households will find places within their price range, especially for low-
income households. By tracking what percent of income low-income households are actually 
paying for their current place of residence, it can be seen that residents almost everywhere in the 
Bay Area are paying higher than the ideal situation. Middle-income households and properities 
may occupy many houses with low rent, while middle-level rent may be occupied by high-
income households, which leaves low-income households in a vulnerable situation. They are 
facing homelessness and displacement. Therefore, more policies addressing this mismatch 
problem are desperately needed.  
Since this research only focused on people who are renting a place to live, we lack the 
ability to track those who purchased a house or have already become homeless. We need more 
studies that address these two groups to have a complete picture of the housing affordability 
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